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Results 
Applied model is most promising and shows robust fitting results for CONTROS 
HydroFlash® O2 optodes. Lab calibrations yield accuracies with RMSE < 1 µmol ∙ L
-1.  
 
 
 
 
 
(4330#1082: RMSE = 0.82 µmol ∙ L-1)        (4330#1082: RMSE = 0.82 µmol ∙ L-1) 
(4330#1277: RMSE = 0.95 µmol ∙ L-1) 
 
 
Discussion 
This novel and significantly faster optode promises high quality observations 
including fast oxygen level changes. A float test revealed an issue with the sun-
shading (direct solar irradiation exposure), while for the rest of the profiles data 
was successfully recorded without peculiarities. Mooring deployments 
qualitatively show the utility for long-term ocean observations. 
 
 
 
 
 
Introduction 
Data show a decline in the global oceanic O2 content of more than 2% since 
1960 (Schmidtko et al., 2017). Quantifying changes of O2 levels improves the 
understanding  of chemical, biological and physical processes in the global 
ocean, especially in Oxygen Minimum Zones (OMZ). 
The faster response time of the novel optical oxygen sensor (optode) KM Contros 
HydroFlash® O2 compared to other optodes is promising to observe various 
processes with higher spatial and temporal data resolution. The sensing principle is 
based on dynamic fluorescence quenching (DSQ) and described by the Stern-
Volmer-Equation (
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= 1 + 𝐾𝑆𝑉 ∙ 𝑝O2). 
Motivation   
Integrated characterization of the CONTROS HydroFlash® O2 optode is aimed 
regarding oxygen, temperature, salinity and pressure dependence, long-term 
stability and drift, response time and air-calibration compatibility. 
Methods 
Calibration procedures follow the laboratory setup described in Bittig et al. (2012). 
Bittig et al. (2018) suggest a functional model for partial pressure 𝑝O2 and low root-
mean-square errors (RMSE) to determine the behaviour of the optode. The fit 
equation for the exponential response time 𝜏 is given by Bittig et al. (2014). 
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The response time of            
𝝉𝟔𝟑% = 𝟑 − 𝟒𝒔  is ~50% faster 
compared to other optodes 
(weak-turbulent flow).    
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Ocean warming severely impacts oxygen distribution, because it reduces 
oxygen solubility and increases stratification in the upper ocean. 
Quantifying changes of oxygen levels will improve the understanding of 
chemical, biological and physical processes, especially in Oxygen Minimum 
Zones characterized by intensification and spatial expansion.  
 
Despite existing optical sensors (optodes) that accurately measure ocean 
oxygen levels, users wish for an improved spatial and temporal 
measurement resolution from profiling platforms. We demonstrate the utility 
of a novel, commercially-available optode that shows a temperature-
dependent response time (t63%) of about 4 seconds, which is significantly 
faster compared to other optical oxygen sensors. This optode can be used 
on a wide range of observation platforms such as ships, time-series stations, 
unmanned surface vehicles and autonomous underwater platforms such as 
floats and gliders. 
 
We aim to characterize this optode regarding oxygen, temperature, salinity 
and pressure dependence, long-term stability and drift, response time and 
air-calibration compatibility. Results build on data from laboratory 
experiments and field deployments in the Tropical and Southern Atlantic. 
Underway, mooring, float and CTD-cast applications promise high quality 
observations including fast oxygen level changes on small scales.  
 
We will conclude with a status update on our general optode technology 
developments.  
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Fig. 1: Oxygen change in the ocean. Observational estimate of the  
50-year (1960 to 2010) oxygen change in the upper and deep ocean 
(from Oschlies et al., 2018). 
Fig. 2: KM Contros HydroFlash® O2 
𝑝O2,𝑎𝑑𝑗 =  
1 + 𝑐4 ∙ ϑ
𝑐5 + 𝑐6 ∙ φ𝑎𝑑𝑗 + 𝑐7 ∙ φ2𝑎𝑑𝑗
− 1
𝑐1 + 𝑐2 ∙ ϑ + 𝑐3 ∙ ϑ2
 
φ: phase shift / °   ||   𝑐1 − 𝑐7: cal. coefficients   ||   ϑ: temperature / °C 
ℎ(𝑡) = 𝐴 ∙ 1 − 𝑒−
𝑡−𝑡0
𝜏  
h(t): step response curve   ||   A: amplitude 
t: elapsed time   || 𝑡0: time offset   || 𝜏: response time 
Outlook 
Methodological paper with full characterization & best practices of this optode 
is in preparation. Biogeochemical analysis of observational data will follow soon. 
 
 
 
 
Optode outlook for pH and CO2 
Universal opto-electronics for pH and CO2 measurements based on the 
fluorescence quenching detection principle have been developed with 
low power consumption and a small form factor (15*60 mm). Precision 
and response time are constrained by the chemical dyes on the spots. 
While the new compact and low-
power hardware allows for expanding 
the range of optode sensors, the 
measuring quality is not yet in the 
range of most scientific requirements.  
 
Future development work will focus 
on further miniaturization, improved 
accuracy and enhanced characteri-
zation of the sensors.  
